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To define long interval between inseminations as indication for EA, we first analyzed the 123 distribution of the insemination interval in Israeli-Holstein cows that were inseminated more than 124 once (Fig 1) . The distribution of the insemination interval was similar to previously reported 125 [28] . Therefore, we defined EA as occurring when the cow was re-inseminated between 49-100 126 days after the first insemination (see also in the material and methods section). This interval was 127 previously suggested to represent embryonic death in most instances [29] . Estimates of variance components from the REML analyses of data sets one through four, 134 and the heritabilities are given in Table 3 . First parity heritabilities were 3.0% for CR from first 135 insemination, but 7.7% for EA. For CR with assumed abortions deleted from the analysis, 136 heritability for CR decreased to 2.6%. In the multi-trait analysis of parities 1-3 for EA 137 heritabilities ranges from 8.9% for first parity to 10.4% for second parity, but differences among 138 the parities were not significant. The variance components for the service sire were 8.6 and 10.1 139 for the two analyses of conception, but < 3.5 for all the EA analyses. Although the service sire 
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The genetic and environmental correlations among the three parities for the data set 4 146 analysis are given in Table 4 . All genetic correlations were > 0.9, while all environmental 147 correlations were < 0.12. Thus analysis by the single trait animal model is justified, with the 148 variance ratios given in the methods section. The "Manhattan Plot" for the genome wide association study (GWAS) results for EA rate 168 are given in Fig 4 , and the markers with the lowest probability values are presented in Table 6 .
169
There were eight markers with nominal probabilities < 10 -11 . All of these markers has 
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Thus the substitution effect for EA was generally twice the effect for CR. Reduce fertility is a major concern in humans, and a highly important economic trait in 
191
CR can be affected by the service sire and/or by the dam inseminated. In cattle, the service 192 sire can effect CR either via the quality of semen, or via genes that reduce embryo survival rate.
193
With respect to EA, the effect of the sire is limited to genes affection embryo survival rate. The 194 variance of the service sire effect on CR is approximately three-fold the variance of the service 195 sire effect on EA rate (Table 3 ). This suggests that most of the service sire effect on CR is due to discrepancy to the current study may be due to the fact that the time periods for determination of 218 both pregnancy and abortion were not consistent across records. Mean embryo loss was only 219 8%, as compared to 22% on first parity in the current study.
220
The genetic trend for EA rate corresponds to changes in the Israeli breeding index, as 221 noted previously. However, the phenotypic trend is not similar to the genetic trend. Several 222 factors can possibly explain this, including climatic variation, and the fact that the phenotypic 223 means were computed only for first parity cows.
The GWAS results show that the markers with the lowest probability values for EA are also 225 included among the markers with the lowest probability values for CR, but not vice versa (Fig 5) .
226
In addition, the regression of the substitution effects of the significant EA markers on their 227 substitution effects for CR is ~2 (Fig 6) . This suggests that the genetic factors that affect EA are investigating the genomic area flanking these markers (Table 6 ), we found that the marker 231 explaining the most variance (Table 6, Fig 7a) is located within the ABCA9 gene, that is found 232 within an ABC genes cluster (Fig 7 a) record, has a higher heritability than the economic trait, or can be measured earlier in life [40] .
255
The classic example of selection on an indicator trait in dairy cattle is somatic cell score as an Eight data sets were analyzed. A basic description of the data sets is given in Table 1,   268 and the numbers of animals and levels of effects included in each data set are given in Table 2 .
269
The first data set included conception status of first parity cows Israeli-Holstein cows with calving dates from Jan. 4. Cows for which pregnancy could not be determined for the first insemination. This 277 chiefly included cows that were not re-inseminated, and were culled prior to 278 determination of pregnancy by veterinary inspection.
279
The second data set was a subset of the first set, and included all cows that were either 280 recorded as pregnant on the first insemination, and with pregnancy length < 290 days; or cows 281 that were recorded as "open" on the first insemination, and re-inseminated between 49 and 100 282 days after the first insemination. The latter group was assumed to represents cows with EA.
283
The third data set included all cows in the first data set recorded as pregnant, and cows Cows were included in the fourth data based on the same criteria as the second data set, 290 but cows in second and third parities were also included. Since cows with second inseminations 291 < 49 days or >100 days after first insemination were deleted for each parity, some cows had 292 records on one, two or three parities, and for any specific parity a record could be included or deleted. Variance components were computed for all four data sets for a binary trait. The 294 analyses included all parents and grandparents of cows with valid records.
295
The fifth data set was similar to the fourth data set, except that it included all first through 296 third parity cows with freshening dates from Jan. 1, 1985 through Dec. 31, 2016, which either 297 became pregnant on first insemination or were re-inseminated between 49 and 100 days after the 298 first insemination. This data set also included cows that were daughters of foreign bulls, and The sixth data set included all valid first through fifth parity records for female fertility were included, and the data set included all parent and grandparents of cows with valid records.
311
This data set was analyzed by the multi-trait animal model, with each parity considered a 312 separate trait, as described by [43] . The separate parity evaluations were combined into a multi-313 parity index, based on the economic value of each parity.
314
The seventh data set included all bulls with genetic evaluations from the analysis of the 315 fifth data set with reliabilities > 50% and genotypes for one of the medium or high density SNP-chips. This data set was used to compute the GWAS analysis for frequency of EA. The final 89: 1349-1361. animal model, GWAS = genome-wide association study. Data sets are defined in Table 1 . Genetic correlations were the correlations among the additive genetic effects, and the 534 environmental correlations were the correlations among the residual effects. Markers are sorted in descending order of the probability to reject the null hypothesis of no effect 544 on early abortion rate. The substitution effects and coefficients of determination are given for 545 each marker for early abortion and conception rate. probabilities as a function of the substation effects for the same markers for conception rate. 
